Introduction Chordomas are primary bone tumors that occur in the axial spine and most commonly in the sacrum. Because of their location, chordomas can affect bowel and bladder continence resulting in either an upper or a lower motor neuron functional pattern.
Introduction
Chordomas are a type of primary bone tumor that occur in the vertebral bodies. Chordomas account for 17.5% of all primary malignant bone tumors within the axial spine [1] . The incidence of chordoma was 0.08 per 100,000 with an average age of diagnosis at 58.5 years in a Surveillance, Epidemiology, and End Results survey [2] . In this population, the 5-year survival rate was 67.6% and the 10-year survival rate was 39.9% with a median survival time of 6.29 years [2] . Chordomas are slow-growing and can recur but have a low rate of metastases [3] [4] [5] . Almost half of all chordomas occur in the sacrum [6] [7] [8] [9] [10] [11] .
Comprehensive rehabilitation of chordoma patients is important to improve functional independence and quality of life as these patients have multiple impairments. Chordomas can result in myelopathic sensory changes, weakness, bowel, bladder, and sexual dysfunction, depending on tumor location and nerve involvement [1] .
In terms of bowel and bladder function, the preservation of the bilateral S3 nerves is extremely important [7, [12] [13] [14] . There has been limited research regarding bowel and bladder dysfunction in the chordoma population. Identification of either an upper motor neuron (UMN) or lower motor neuron (LMN) bladder, and bowel pattern in the setting of chordoma is extremely important in order to provide ideal management and continence for quality of life and independent functioning. This article presents two cases of chordoma with LMN impairments in bladder and bowel management.
Case presentation Case 1
A 25-year-old female developed lower back pain in the setting of a mass at S3-S4 seen on MRI (Figs. 1a and b) with later biopsy confirming sacral chordoma. Repeat MRI 3 months after diagnosis demonstrated tumor progression and CT scan demonstrated new lung nodules concerning for metastases 4 months after diagnosis. Despite starting a targeted chemotherapy (EZH2 inhibitor), she had tumor progression. She underwent radiation to the left sacrum in 26 fractions for a total dose of 5200 cGy, followed by nine additional fractions totaling 1800 cGy.
She initially presented to physiatry for evaluation of urinary retention and constipation 5 months after diagnosis. Her symptoms of urinary retention and incomplete bladder emptying began prior to diagnosis, but worsened after she underwent ovarian transposition surgery, at which time she could only urinate when she had bowel movements. At presentation, she reported difficulty with urinary initiation, small volume voids and increased urinary frequency of every 30 min during the day. Manual pressure to the abdomen did not assist with emptying. She had tried multiple medications for bowel constipation including docusate, milk of magnesia and bisacodyl suppositories with poor success. She noted that she was able to move her bowels on polyethelene glycol, but that this medication often resulted in multiple bowel movements per day. Of note, she reported numbness around the rectum and sacral pain when toileting. She declined discussions regarding her sexual function at her initial and follow-up visits because of concerns about pain and her required oncologic treatments.
On examination, she had a full strength of her lower extremities but a palpable distended bladder and decreased light touch and pinprick sensation in the bilateral L5 and S1 dermatomes. Rectal examination demonstrated decreased sensation in the right S3-S5 dermatomes with intact sensation in the corresponding left dermatomes. She had intact deep anal pressure but delayed anal sphincter relaxation and weakened but present voluntary anal contraction. Bulbocavernosus reflex was not performed.
Based on her clinical presentation, her symptoms were attributed to a LMN pattern of injury of the bladder and bowel as the result of an incomplete non-traumatic spinal cord injury (SCI) from her chordoma with a L4 neurologic level of injury. She refused intermittent catheterization (IC) after receiving both teaching and a trial in clinic. As a result, a bladder program including bethanechol 15 mg three times a day, leg elevation on a step stool and manual pressure through Crede's method was initiated. For her bowel program, her polyethylene glycol was continued and it was thought that the initiation of bethanechol could further promote emptying. She was recommended to start using a step stool when emptying to promote relaxation of the pelvic musculature. She refused manual removal of stool despite receiving teaching on technique and discussion of benefit.
Pelvic floor therapy was also initiated. Therapy initially focused on the external pelvic floor with gentle manual therapy and self-stretches to maintain mobility, improve sitting tolerance, and reduce myofascial restrictions from surgical intervention and radiation therapy, which were felt to be contributing to her impaired bowel and bladder function. External electromyography biofeedback was used to help retrain and coordinate pelvic floor muscles. Pelvic floor therapy also incorporated non-resistive strengthening exercises to increase hip and core stability.
At 2-week and 1-month follow-ups, her bladder program resulted in self-reported increased urinary volume, easier initiation of urine, improved stream without straining and less frequency. She had no incontinence episodes between voids on her program. Prior to initiating bethanechol, voiding volume was measured at 200 cc, and post-void residual demonstrated 148 cc of retained urine. At followup, voiding volume was again measured at 200 cc with negligible measurement of post-void residual, suggesting complete emptying. Upper urinary tract anatomy was monitored during her treatment course via CT scans performed for cancer staging and showed no anatomic abnormalities; labs including BUN/creatinine were also completed and remained within normal limits. Urodynamic studies were considered however deferred due to improvements with initiation of her bladder program and difficulty with coordination during her cancer treatments. During her follow-up visits, she began having two successful bowel movements daily without incontinence. No abnormalities of the colon or rectum were noted on available imaging.
Case 2
An elderly female presented with left pelvic pain, vaginal numbness, urinary retention, and constipation. An MRI completed to evaluate her symptoms revealed a large sacral lesion extending to the S1-S2 junction with involvement of the left S2 and bilateral S3 nerve roots (Figs. 2a and b) . Subsequent biopsy confirmed the diagnosis of chordoma. Radiation and resection were offered, but the patient elected to proceed with only proton beam radiation. She underwent a total of 7740 cGy in 43 fractions. Her post-radiation course was complicated by low back and bilateral lower extremity pain attributed to lumbosacral radiculopathy and sacral stress fractures. Upon completion of her proton beam radiation, her bowel and bladder dysfunction improved significantly and her pain gradually resolved.
She presented to physiatry 6 years after her original diagnosis at the age of 84 with a 6-month history of worsening bowel and bladder incontinence. She reported that she began self-managing her constipation with polyethylene glycol and did attempt to manually disimpact herself, but had difficulty due to the softness of her stool. She also tried tap water enemas with limited success. She was started on IC three times daily by a urologist for urinary retention and overflow incontinence, but self-discontinued. She previously had urodynamic studies done at an outside institution, but records were unavailable at the time of physiatry evaluation. She reported she was informed the result showed she had a "weak bladder". She was instructed to submit the urodynamic studies for review.
MRI performed to evaluate her worsening incontinence revealed interval increase in size of the sacral chordoma and a distended bladder but no renal abnormalities (Figs. 3a and  b) . During physiatric evaluation, she reported stool incontinence with pasty consistency and near constant urinary leakage. She also reported progressive loss of sacral sensation, noting that she had no feeling of bladder or rectal fullness and was unable to feel when she was disimpacting herself or using an enema. Her symptoms had progressed to the point that diverting colostomy was recommended. Sexual function was not discussed as she did not feel it was important to her.
Physical examination revealed a mild decrease in left ankle dorsiflexion strength and impaired sensation in the bilateral S1 and S2 dermatomes. Her rectal examination demonstrated decreased S3-S5 sensation bilaterally with mild awareness to deep anal pressure and present but weak voluntary anal contraction. Bulbocavernosus reflex was not performed. Based on her clinical presentation, she was determined to have an incomplete non-traumatic SCI from chordoma with an L5 neurologic level of injury.
She was diagnosed with LMN dysfunction of bowel and bladder. For bowel management, she was recommended to continue polyethylene glycol and to add fiber supplementation for stool bulking, with both medications dosed together~8 h prior to an intended bowel movement. She was educated on proper technique for manual removal of stool and instructed to perform this intervention one to two times per day. For bladder management, she was recommended to return to self-IC every 4-6 h with goal of volumes less than 300 cc. Pelvic floor therapy was also initiated. During therapy, she was taught to optimize IC and manual removal to reduce pelvic floor strain and injury. Abdominal scar tissue management was initiated to aid evacuation and electromyography biofeedback was used to isolate and recruit the pelvic floor muscles to further promote continence.
At her 1-month physiatry follow-up, she reported good response to this treatment regimen. Her stools became bulkier and easier to remove, and she has been able to maintain bladder volumes of less than 250 cc on her current catheterization schedule. She is no longer considering colostomy placement. She reported no incontinence episodes to bladder or bowel.
Discussion
The increasing survival rates of cancer patients have resulted in functional impairments from cancer and respective treatments. Chordoma patients in particular may develop non-traumatic SCIs as a result of cord compression with a variety of impairments based upon the spinal level of the tumor. These malignant SCIs differ from other SCIs as they are often incomplete injuries and patients have different life expectancies.
The majority of research thus far into functional outcomes in chordoma patients regarding mobility, bowel and bladder control has been conducted in the surgical literature [1, 6, 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . The importance of bowel and bladder control cannot be overstated for functional independence and quality of life. In the chordoma population, the pattern of either UMN or LMN bladder or bowels is important to identify based upon the tumor level and resultant level of resection. The pattern of injury is diagnosed based upon known level of tumor involvement and by rectal examination. Anal wink and bulbocavernosus reflexes should be performed to confirm diagnosis. Based on imaging and clinical findings, both cases had incomplete non-traumatic lower lumbar spinal cord injuries with LMN patterns of bowel and bladder involvement. Utilizing the International Standards for Autonomic Function, the patient in Case 1 would have sacral function classified as reduced lower urinary tract awareness and continence while she had normal bowel sensation, but reduced continence and altered voluntary sphincter contraction [25] . The patient in Case 2 would be classified as absent urinary tract awareness and continence and absent bowel awareness and continence with altered sphincter contraction [25] . Given their routine cancer surveillance with laboratory studies and imaging that included the genitourinary and renal systems, we were able to monitor the effects of medication and other management strategies closely.
In the surgical literature, the preservation of bilateral S3 nerves after chordoma resection is noted to be important to maintain bladder continence [7, 13, 14] . Patients with bladder dysfunction should be placed on a bladder program to ensure emptying, most commonly with either a Foley catheter or an IC program [12, 16, 18] . Anticholinergic medications such as oxybutynin may benefit chordoma patients with UMN bladder dysfunction. Bethanechol or other cholinergic medications may assist LMN bladder emptying [26, 27] . LMN bladders can also utilize assisted emptying with manual pressure such as Credé. However, patients should not use Valsava maneuvers to void as it impacts emptying by increasing pressure against a closed sphincter. Patients may benefit from pelvic floor therapy to coordinate their muscles and reinforce appropriate behavioral strategies.
Both patients presented had LMN patterns of injury but varying levels of sacral sparing. Bladder programs initiated were based on clinical findings and patient preference, and both improved with interventions. A Foley catheter was not used in either case out of concern for recurrent infection, urethral trauma, impaired skin integrity, and the long-term risk of bladder cancer [28] . Post-treatment effects of radiation on the bowel and bladder if included in the radiation field could have possibly contributed to dysfunction in both cases, but this contribution was felt less likely, given examination and imaging findings.
Identification of a LMN or UMN bowel is also paramount for appropriate management. After sacral en bloc resection, those with intact bilateral S3 nerves had normal bowel function but resection of bilateral S2 or S3 nerves resulted in bowel dysfunction in all patients [7, [12] [13] [14] . Patients should have a goal of a daily or every other day movement with their bowel program. All chordoma patients should receive daily adequate hydration regardless of bowel pattern. Medications should be reviewed to screen for constipating agents. UMN bowel programs aim for a soft, formed, easy to pass stool with the use of softeners, irritants or suppositories. LMN bowel programs promote stool bulk and emptying pressure with fiber and laxatives; cholinergic medications such as bethanechol increase peristalsis and can also be considered in the management plan. Stool softeners should be avoided because these agents reduce pressure and do not assist with continence. Digital stimulation for UMN patterns and manual removal for LMN patterns may also be helpful for stool evacuation. Patients may benefit from pelvic floor therapy to work on scar tissue mobility and manual therapy in conjunction with electromyography biofeedback for pelvic floor muscle retraining. Both UMN and LMN patterns should not undergo large volume enemas because they can result in sphincter overstretching and increased rectal compliance.
In the case presentations, both patients declined to discuss sexual function for different reasons. However, in the setting of either UMN or LMN impairment, sexual function will likely be impacted [20] . Discussions involving sexual function should be a routine part of UMN or LMN cancer presentations. Patients should be educated about the underlying etiology of their sexual dysfunction in addition to available adaptive equipment, techniques and medications to achieve optimal sexual health. Involvement of psychology should also be considered in the management of sexual dysfunction of the cancer patient.
Chordoma patients present with a number of impairments that can be managed by physiatrists. For optimal bowel, bladder, and sexual management, identification of an UMN or LMN pattern is crucial. Ideally, a team approach for these patients between physiatrists, oncologists, gynecologists, gastroenterologists, urologists, surgeons, and therapists can improve functional independence and quality of life.
